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Abstract  
Renewable energy sources (RES) offer sustainable energy generation and mitigate the environmental and 
economic issues compared to the traditional fossil fuels as energy resources. Photovoltaic (PV) systems 
are one of the most popular RES forms that can be integrated with electricity grid. However, the effective 
PV-grid integration requires building effective supply-demand optimization models for electricity 
distribution networks. Accurate estimation of rooftop PV potential is essential in optimizing the PV-grid 
integration. This systematic literature review aims to provide researchers and practitioners a roadmap to 
select suitable data, tools and techniques to estimate rooftop PV potentials. A total of 43 related research 
is reviewed and classified based on three elements: 1) PV rooftop-area estimation; (2) solar radiation 
estimation; and (3) PV modules technology efficiency estimation. We further analyze the literature 
according to the different factors for each element, data and tools, estimation methods and algorithms, 
evaluation approaches. 
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Introduction 
Energy management is defined as “the strategy of meeting energy demand when and where it is needed, 
which can be achieved by adjusting and optimizing energy using systems and procedures so as to reduce 
energy requirements per unit of output while holding constant or reducing total costs of producing the 
output from these systems” (Abdelaziz et al., 2011, p. 154). Recently, there has been a noticeable growth in 
energy demand around the world. This growing demand posits challenges in the sustainability of 
traditional fossil fuels (e.g., coal, oil, natural gas) as non-renewable energy resources. These challenges 
include the reduction of fossil fuels reserves, the negative environmental impact towards the climate 
change and air pollution, geopolitical and military disagreement, and the fuel price increases (Asif & 
Muneer, 2007). Thus, it is advantageous to find better alternatives of energy resources and to adopt 
effective energy management strategies to meet current and future electricity demand levels.  
One of the main strategies is to exploit renewable energy sources (RES) to mitigate the environmental and 
economic issues related the traditional fossil fuels and to ensure the sustainable energy development that 
addresses the current and future needs continuously (Dincer 2000). RES are energy sources that are exist 
in natural resources in a form of sunlight, wind, waves, geothermal, hydroelectric, or biomass. Among 
these resources, solar energy, radiant light and heat from the sub, is among the oldest and the newest 
forms of energy used by humans (Boyle, 2012). The advantages of adopting RES are threefold. First, RES 
have much less environmental impact compared to other sources of energy (Dincer 2000) and can help 
reduce greenhouse gas (GHG) emissions, which are responsible for climate change (Heidari & Pearce, 
2016). Second, because RES can be found almost everywhere, if used appropriately and efficiently, they 
can provide a reliable and sustainable supply energy almost indefinitely. Third, RES solutions are often 
decentralized and independent of the national network; thus, providing flexible and economic power 
supply in small isolated regions (Dincer, 2000). 
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RES also have some disadvantages. First, RES lack the reliability in stable energy generation because they 
mainly depend on the weather in the form of sunlight, rain, ocean waves, etc. Second, almost all RES lack 
consistency and sometimes are referred as ‘‘intermittent sources’’ (Angelis-Dimakis et al., 2011). To 
address these disadvantages, one of the approaches is to combine the electricity grid with one or more 
sources of renewable energy. The integration of the electrical grid and RES provides the ability to avoid 
extra and redundant electricity generation, and thus, results in better and efficient supply and demand 
management (Lund, 2006), where electricity companies can manage the short periods of high electrical 
(peak) loads by exploiting RES rather than to build a new generation power plant. 
The energy management research from Computer Science (CS)/ Information Systems (IS) perspectives is 
growing in recent years (Watson et al. 2010). Among these different perspectives, data science and 
analytics can improve existing Energy Informatics (EI) solutions through effective predicting models. 
However, there are limited research on applying advanced data analytics in energy management, 
especially with the respect to the supply-and-demand optimization. Addressing the literature gap in this 
area could contribute to both ICT and EI research by achieving sustainable energy management. The first 
step towards building an optimization model for PV-grid integration is to estimate the PV potentials given 
the available land and rooftop area. More specifically, understanding the available rooftop areas for PV 
installation is essential in optimizing the PV-grid configuration. There are many studies have focused on 
developing methods and techniques to estimate PV potentials for rooftop areas.  
The study seeks to answer the following research questions: (1) to what extent has literature already 
explored the ways to estimate rooftop PV potential? (2) what are the different factors, data, and tools 
should be considered in rooftop PV potential assessment? The potential contribution of this research is 
twofold. First, as a first systematic review of rooftop PV potential estimation, it provides research a 
comprehensive view of existing research in this important research area. Second, it aims to provide a 
guideline for researchers and practitioners to select suitable data, tools and techniques to estimate rooftop 
PV potentials. This research-in-progress paper is organized as follows: First, we provide the research 
background. Next, we provide the methodological explanation of the procedure used for the potential 
systematic literature review. Then, we show some examples of the review findings. The paper ends with a 
conclusion. 
Research Background 
Among available RES systems, solar photovoltaic (PV) systems are the most widely adopted around the 
world, as indicated by Irena (2016): “PV power is already the most widely owned electricity source in the 
world in terms of number of installations, and its uptake is accelerating. In only five years, global installed 
capacity has grown from 40 gigawatts (GW) to 227 GW. By comparison, the entire generation capacity of 
Africa is 175 GW.” A PV system is a power system that generates energy by directly converting sunlight 
into electricity through a commutated/synchronous inverter.  Even though there are some initial costs of 
PV systems installation, the operation and maintenance costs are considerable low among other RES 
systems as they do not require any fuel, and do not have any moving parts (Boyle, 2012). They are also 
considered thy have the lowest environmental impact among renewable and nonrenewable electricity 
production systems (Boyle, 2012). 
While PV systems can be categorized as grid-connected versus standalone systems, majority of PV 
systems are grid-connected. There are different approaches towards PV systems and grid integration. A 
well-designed PV system can work efficiently with the electricity utility grid to strengthen the distribution 
network by alleviating load shedding. It can also offset customer's electricity costs when distribute extra 
generated energy back into the grid. However, because electricity demand is not consistent where load 
profile varies based on different attributes (e.g., different types of users, temperature, season, time of the 
day, etc.) Optimal PV-grid integration requires the electricity suppliers to balance the electricity supply by 
PV with local distribution network so that not only the electricity meets the demand, but also not 
excessive supply at non-peak load. The first step of this optimization is to estimate the PV potentials, and 
in particular, rooftop PV systems. How to accurately estimate rooftop PV potential is considered as one of 
the deployment challenges in design RES-supported electricity grid, which is evident by the profligate 
literature in rooftop PV potential estimation. The objectives of this research are to provide a 
comprehensive review of related literature to synthesize existing approaches towards rooftop PV potential 
estimation and to provide guidelines for different applications of PV potential estimations. 
Estimation of Rooftop Solar Photovoltaic (PV) Potential: A Systematic Literature Review 
 Twenty-third Americas Conference on Information Systems, Boston, 2017 3 
Research Methodology 
We follow the guidelines proposed by Webster and Watson (2002) to conduct our systematic literature 
review. We searched and extracted articles to be included in the literature review. Because energy 
management is a transdisciplinary field that includes both IS and Energy, we first searched two main 
databases: EBSCOhost and ScienceDirect. These two databases include several energy-specific academic 
journals such as Applied Energy, Energy, Solar Energy, and Renewable and Sustainable Energy Reviews. 
We also added three additional leading energy-specific journals that were not included in these two 
databases. They are: International Journal of Solar Energy, Journal of Solar Energy Engineering and 
Journal of Renewable and Sustainable Energy. Our literature search includes the following key words: 
"PV potential" OR "Photovoltaic* potential" and "estimat*" OR "assess*". To make sure all related 
research were retrieved, we did not use any limiters. Our literature search was concluded by September, 
2016. A total of 185 articles were retrieved initially. We then manually reviewed each article and included 
43 relevant publications for our detailed review.  
Then, we reviewed the search result and other related literature (e.g., cross-referenced literature in our 
search result) to synthesize topic-related concepts. Because a literature review is concept-centric (Webster 
and Watson, 2002), the synthetization can help classify and analyze the literature systematically. We first 
identified three common elements from the rooftop PV estimation literature: (1) PV rooftop-area 
estimation; (2) solar radiation estimation; and (3) PV modules technology efficiency estimation. The first 
element focuses on how to measure or estimate available and suitable rooftop areas for PV panels 
installation. This element often includes different applications of Geographic Information Systems (GIS). 
The second element focuses on measuring received amount of solar radiation in specific time and 
location. The third element is related to PV modules technology, where each technology differs in its 
characteristics and efficiency. The PV modules efficiency is estimated as the annual amount of energy 
output that PV cells can generate. Noticeably, research may include more than one element to ensure the 
accuracy of PV potential estimation. However, different studies may include different factors in their 
estimation process. They also use different types of data, tools, and estimation methods. Furthermore, the 
estimation results are evaluated using different evaluation methods. Lastly, we analyzed the 43 articles by 
summarizing different elements considered in each study. For each element, we coded the different 
factors considered; different types and sources of data, different tools used; and different 
algorithms/methods for calculating the PV potentials. We further coded different evaluation approaches 
in each article, as well as the study’s different locations and scales. Table 1 summarizes our coding schema 
for the literature. The factors for each element are emergent from our literature review.  
1. Solar Irradiation Estimation 
Solar global 
insolation 
plane-of-
array POA 
insolation 
azimuth 
angle 
inclination 
angle 
inter-row 
shading 
criterion 
Tools/ 
Approaches 
Data  Evaluation 
2. Available Rooftops Estimation 
Roof area-
Population 
Relationship 
Building 
orientation 
ground 
coverage 
ratio 
(GCR) 
building 
footprint 
setback 
ratio (SBR) 
Tools/ 
Approaches 
Data  Evaluation 
3. PV Types (Efficiency) 
PV module 
Efficiency 
System 
losses 
Weather wiring 
Tools/ 
Approaches 
Data  Data  Evaluation 
Table 1: Criteria used for coding 
The literature in PV potential estimation, especially for rooftop areas, has been growing considerably in 
recent years, as shown in Figure 1. Majority of studies have included two or more elements in their 
estimation.  
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Figure 1: Number of previous publications in the past years 
For example, Khan and Arsalan (2016) included all three elements in their study. To estimate the solar 
radiation amount, they acquire an annual average Direct Normal Irradiance (DNI) for the city Karachi 
from NASA's Surface Meteorology and Solar Energy (SSE) database. For rooftop areas, they first 
combined GIS and object-based image recognition to measure small regions, then extrapolated the entire 
available roof space using the correlations between the areas and the population density. To estimate PV 
efficiency, they considered four different types of PV technologies: Mono-crystalline Si (c-Si), Poly-
crystalline Si (p-Si), Amorphous Si (a-Si), and Cadmium-Telluride Cells (CdTe). For result evaluation, 
they compared the estimated energy output to an actual electrical load output of a building. Table 2 shows 
a simple example of the SLR coding results. 
 
Table 1 An example of the SLR coding result 
Although almost all research can be classified into the three elements for estimation, the other factors 
considered in each research differ significantly. For example, Brito et al. (2011) and Lukač et al. (2012) 
estimated solar potential over rooftops by building 3-D GIS based models using remote sensing (RS) 
technologies. LiDAR point measurements were used to build digital elevation models (DEM) as inputs for 
solar irradiance measurement. In addition to RS and GIS, Wong et al. (2016) estimated city-wide PV 
potential in Hong Kong by including existing ancillary data. They first exploited LiDAR data to create 
DSM and DEM as inputs, then built a solar radiation map using Solar Analyst extension module of 
ArcGIS. Their solar radiation model considered several different factors such as direct radiation and 
diffuse radiation. To estimate available rooftop areas, studies have considered the shadowing effects from 
physical objects surroundings such as trees and buildings. For PV efficient estimation, Martín-Chivelet 
(2016) designed a step-by step method to estimate technical potential for large-scale PV systems. The 
method includes the main variables and processes, called the packing factor, in the technical potential 
estimation. The packing factor's value was a function of the PV array tilt angle, the array aspect ratio, land 
characteristics, and shading effect. 
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Future Research and Conclusion 
In this study, we present a review framework for synthesizing literature in rooftop PV potential 
estimation. Future research will summarize all retrieved articles based on the review framework and 
provide a set of guidelines for researchers and practitioners to select appropriate factors, data, techniques, 
and tools for rooftop PV potential estimation. We anticipate additional emergent insights from the 
literature review for future research directions and applications of this important research topic.  
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